Abstract A 60-year-old man had experienced cough, bloody sputum, and a 38°C fever for 1.5 months. He visited an outpatient clinic and received antibiotics and nonsteroidal anti-inflammatory drugs. However, because the symptoms continued, he visited our hospital. The past medical history included chronic sinusitis, hypertension, and diabetes mellitus. A chest x-ray film and computed tomography showed multiple pulmonary nodules with cavities.
Introduction
Granulomatosis with polyangiitis (Wegener's) (GPA) is a complex, immune-mediated disorder in which tissue injury results from the interplay of an initiating inflammatory event and a highly specific immune response. A part of this response is directed against previously shielded epitopes of neutrophil granule proteins, leading to high titers of autoantibodies known as anti-neutrophil cytoplasmic antibodies (ANCAs). Approximately 82-94 % of patients with either GPA or microscopic polyangiitis (MPA) are ANCA positive, depending on severity of the diseases [1, 2] . GPA is primarily associated with proteinase 3 (PR3)-ANCA, while MPA is primarily associated with myeloperoxidase (MPO)-ANCA. However, 20 % of patients with GPA or MPA have the alternative ANCA, and at least 10 % of patients are ANCA negative [3] [4] [5] . ANCAs play an important role in the pathogenesis of GPA and related vasculitides. We have previously treated patients with ANCA-negative pauci-immune crescentic glomerulonephritis. Here we report a rare case of (double) ANCAnegative GPA we treated.
Case report
A 60-year-old man was admitted to our hospital with a 1.5-month history of cough, hemoptysis, and pyrexia. Although he had had hypertension and diabetes mellitus (DM) for 10 years, they had not been treated. The patient's mother had also had hypertension and DM. He visited a nearby outpatient clinic and received antibiotics and nonsteroidal anti-inflammatory drugs. However, the symptoms continued, and he visited our hospital 2 weeks later.
At that time, laboratory studies showed blood urea nitrogen (BUN), 19.8 mg/dL; serum creatinine, 0.9 mg/dL, and hemoglobin A1c (HbA1C), 9.4 %. Computed tomography (CT) of the chest revealed multiple pulmonary nodules with cavities ( Fig. 1 ). In addition, macrohematuria had occurred 3 days before admission, and renal function had deteriorated to serum creatinine, 2.45 mg/dL, in 2 weeks. The patient was then admitted to our hospital. Physical examination showed hypertension, coarse crackles in the left upper lobe, pitting edema of the lower limbs, and no sinusitis in the nasal cavities. Upper respiratory lesion was denied by CT and an otolaryngologist. Laboratory studies revealed leukocytosis with a high level of C-reactive protein, hyperglycemia, and elevated serum levels of creatinine and BUN. Serum levels of IgA and IgE were also high. Antinuclear antibodies (ANAs) and other antibodies, including antibodies against glomerular basement membrane, were not detected. In addition, PR3-ANCAs and MPO-ANCAs were not found. An indirect immunofluorescence test for ANCAs was also negative. Urinalysis showed 3? glucose, 1? protein (670 mg/dL), and ± blood. The urine beta-2 microglobulin level was elevated. Tests for tuberculosis and cultures of blood and urine were negative (Table 1) . A sputum culture yielded bacteria of the resident flora. Bronchoscopic bronchoalveolar lavage yielded many neutrophils and alveolar macrophages. Transbronchial lung biopsy showed interstitial pneumonia with mild vasculitis and organization. However, granulomatous inflammatory lesions were not detected.
Antibiotics (ampicillin, 4 g/day, and clindamycin, 1.8 g/ day) were administered for 5 days. After a renal biopsy, methylprednisolone pulse therapy (500 mg/day for 3 days) and cyclophosphamide pulse therapy (700 mg for 1 day) were administered. The pathological diagnosis based on the renal biopsy was glomerular and interstitial hemorrhage, possibly associated with vasculitis, no necrosis or crescent formation in the glomeruli, and no granulomatous lesions (Fig. 2) . This patient had DM, and several arteries showed severe hyaline arteriolosclerosis and polar vasculosis, but there was no evidence of arteritis (Fig. 3) . The symptoms (cough and hemoptysis), multiple pulmonary nodules visualized on CT, and severe inflammatory reactions in the peripheral blood resolved after treatment; however, renal dysfunction progressed to end-stage renal disease 1 month after renal biopsy. Hemodialysis was started, and steroid therapy was continued (60 mg/day for 4 weeks, and then tapered by 5-10 mg/week). During hemodialysis, a second renal biopsy was performed.
We diagnosed pauci-immune focal segmental crescentic glomerulonephritis (Fig. 4) . Renal function had gradually recovered, and hemodialysis was discontinued. The most recent measures of renal function showed BUN, 40.5 mg/dL, and creatinine, 2.61 mg/dL, without hemodialysis.
A summary of the clinical course of the present case is shown on Fig. 5 .
Discussion
GPA is a systemic granulomatous angiitis whose main symptoms are crescentic glomerulonephritis and necrotizing granulomatous vasculitis of the lung and upper respiratory tract. In its early stage, as upper respiratory tract impairment progresses, purulent nasal discharge and nasal bleeding develop and lead to nasal cavity ulceration and nasal septum perforation. With further progression, the characteristic symptom of GPA-saddle-nose deformityappears. In addition to these symptoms, purulent otitis media, episcleritis, and exophthalmos can develop. Lung lesions are found in 85 % of patients and cause cough, hemoptysis, and respiratory distress. Renal lesions develop in 80 % of patients within 2 years of onset. Moreover, purpura of the lower limbs and mononeuritis multiplex are The biopsy specimens contained 9 glomeruli in which 2 glomeruli were obsolescent. Massive red blood cell casts were present in the renal tubules (arrow in a). In 7 glomeruli, 5 glomeruli showed mild segmental endocapillary proliferation (arrow in b) with infiltration of neutrophils and monocytes. 3 glomeruli showed hemorrhage (arrow in c and d) in Bowman's space. No necrotizing or crescentic lesions were detected in glomeruli. Immunoflourescence study showed no obvious deposition of immunoglobulin (Ig) G, IgA, IgM, and complement (C)3, C1q, and C4 in glomeruli, indicating pauciimmune type of deposition found in association with vasculitis. The diagnostic criteria of the Ministry of Health, Labour and Welfare (MHLW) of Japan, the classification criteria of the American College of Rheumatology (ACR) and the European Medicines Agency (EMA) algorithm are often used to diagnose GPA. These definitions have gained wide acceptance in defining vasculitides by pathology, including the size of affected vessels and the organ systems involved.
In the present case, the patient had rapidly progressive renal failure and multiple pulmonary nodules, which are found in GPA, but PR3-ANCAs were absent. A second biopsy showed pauci-immune crescentic glomerulonephritis. Therefore, this case falls into the ''definite'' category of the diagnostic criteria for GPA of the MHLW of Japan. With the ACR classification criteria, this case would be diagnosed as GPA because of the findings of urinalysis and chest radiography. In this instance, the sensitivity was 88 %, and the specificity was 92.0 % [6] . In the EMA algorithm, fixed infiltrates that are present on chest X-ray for over 1 month fall into a classification of GPA; thus, this case would be diagnosed as GPA. The diagnostic criteria of the MHLW of Japan indicate that the PR3-ANCAs will be positive at high rates in its main examination findings. ANCA is an autoantibody mainly recognizing antigens on azurophilic granules in the neutrophil cytoplasm and is classified, from the staining pattern, as PR3-ANCA or MPO-ANCA. Approximately 82-94 % of patients with either GPA or microscopic polyangiitis (MPA) are ANCA positive, depending on severity of disease [1, 2] . GPA is primarily associated with PR3-ANCA, while MPA is primarily associated with MPO-ANCA. However, 20 % of patients with GPA or MPA have the alternative ANCA, and at least 10 % of patients are ANCA negative [3] [4] [5] . In many cases, the ANCA titer will decrease or be 0 with remission induction therapy [4, 6, 7] . The main pathologic difference between GPA and MPA is the absence of granulomatous inflammation in MPA. Routine laboratory tests are generally nonspecific in GPA [8, 9] . The diagnosis of GPA is based on clinical and laboratory findings. There is clearly a small subset of patients with active, generalized GPA whose ANCAs are absent. Fig. 3 Light microscopic findings of tubulointerstitium and arterioles from 1st biopsy samples (a-c H&E stain; d, e: PAM stain; a 9200; b, c, e 9600; d 9400). In interstitium, many red blood cell casts were present in tubular lumens (arrow in a), may be associated with glomerular hemorrhage. Localized interstitial hemorrhage was also noted with peritubular capillaritis (arrow in b). Peritubular capillaritis was expanded in the renal cortex and medulla with or without interstitial hemorrhage (arrow in c). This patient had DM, and severe hyalinosis of small arterioles (arrow in d), and polar vasculosis around glomerular hilus (arrow in e) were evident although nodular lesions of DM nephropathy could not be detected in glomeruli. No necrotizing or granulomatous vasculitis was noted in arteries Many cases of ANCA-negative GPA are of the limited type [10] [11] [12] [13] . Some cases of ANCA-negative GPA show pathological changes in the kidney, but these cases tend to turn ANCA-positive during the course [14] . On the other hand, in the present GPA case, ANCAs did not appear as the disease progressed. The reason for the absence of ANCAs has been not clear. Patients with GPA demonstrate abnormalities in the number and function of regulatory T cells (increased fraction of CD4
? CD25 ? T cells); CD4 ? CD25 hi T cells were able to suppress T-cell proliferation to PR3 in healthy controls and ANCA-negative patients but not in ANCA-positive patients [15] . A skewed response of an interleukin-17-producing T-helper cell lineage (Th17) found in patients with ANCA-positive GPA following stimulation with the autoantigen PR3 suggests that interleukin-17 is involved in disease pathogenesis [16] .
Moreover, the response to the medical treatment of ANCA-negative GPA varies: some cases show a good response to prednisolone or cyclophosphamide, but other cases show a poor response to these agents but are controlled with rituximab [10, 11] . The responses to methylprednisolone and cyclophosphamide in the present case were good. Kidney biopsy typically reveals segmental necrotizing glomerulonephritis that is usually pauci-immune on immunofluorescence or electron microscopy [17] [18] [19] .
In the present case, we could not rule out the possibility that the renal lesions had been caused by infection or drugrelated acute tubulointerstitial nephritis; however, the lesions were unlikely to have been caused by infection because the symptoms decreased through remission-induction therapy with cyclophosphamide and steroid therapy. Furthermore, the development of renal lesions due to druginduced nephritis would make less sense because no invasion by eosinophils was found in renal tissue. Therefore, we decided, on the basis of the first renal biopsy, that the pathological diagnosis was vasculitis in glomeruli and peritubular capillaries with hemorrhage. We diagnosed this case as GPA. Moreover, the following biopsy findings possibly involves with the deterioration of renal functions. In the 1st biopsy sample, there found massive red blood cell (RBC) casts in the renal tubules and Bowman's space, which may be caused by glomerular hemorrhage. In addition, localized interstitial hemorrhage was also present that may be caused by peritubular capillaries. In the 2nd biopsy sample, the deposition of hemosiderin in renal tubular epithelial cells and interstitium indicated that post-status of massive RBC casts in renal tubules and interstitial hemorrhage, respectively. Tubulointerstitial injury has been well known as the association with acute kidney injury (AKI). Furthermore, gross hematuria occurring in patients with underlying glomerular disease has been associated with the development of transient AKI. This association has been described in patients with IgA nephropathy and warfarin-related nephropathy thin basement membrane disease [20] [21] [22] [23] [24] . Taking account of these, glomerular hemorrhage, massive RBC casts, and peritubular capillaritis and interstitial hemorrhage may have involved with the onset of AKI in the present case.
This case was (double) ANCA-negative GPA which presented atypical course of RPGN caused by glomerular and interstitial hemorrhage without typical crescentic glomerulonephritis. Further careful observation of this case is necessary. Fig. 5 Clinical course of the present case. During the course, macrohematuria was observed only once 3 days before admission, but oliguria was not observed. After 1st renal biopsy, methylprednisolone pulse therapy (500 mg/day for 3 days) and cyclophosphamide pulse therapy (700 mg for 1 day) were administered, but renal dysfunction progressed. So hemodialysis was started, and steroid therapy was continued (60 mg/day for 4 weeks and then tapered by 5-10 mg/week). Renal function gradually recovered, and hemodialysis was discontinued. The most recent measures of renal function showed serum creatinine 2.61 mg/dL, without hemodialysis
